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1. Introduction
In RAN1#62bis, the introduction of Q’min that ensures the desirable HARQ-ACK/NACK reliability has been agreed, and the detailed definition has also been agreed in RAN1#63[1]. Although the physical property on this feature has been finalized, it is still unclear when/how Q’min is exactly activated. This should be clarified because Q’min covers Rel-8/9 payload size (i.e. O≤2 for FDD and O≤10 for TDD) thus it isn’t backward compatible. As a result, it would be potential ambiguity between UE and eNB. In this contribution, we discuss the possible solutions for this issue and propose that Q’min should be activated when initial PUSCH transmission is indicated by DCI format 4. 
2. Discussions
The motivations to introduce Q’min discussed in UL MIMO session can be summarized as following:

· Motivation 1: To avoid the excessive puncturing of RM coded bits

· Motivation 2: To ensure the randomness of scrambler and avoid null beamforming

Meanwhile, it was argued in RAN1#62bis that Q’min would be applied when Rel-10 UL transmission mode is configured. Meanwhile, any clear RRC parameters to distinguish Rel-8/9 or Rel-10 UL mode wouldn’t be introduced. Hence, another ways to activate Q’min should be considered to keep the backward compatibility and to minimize the complexity for eNB scheduling. 
According to the discussions in UL MIMO sessions, it would seem to be the common understanding that 2 TB transmission should support Q’min because PUSCH spectral efficiency increases drastically and it is clearly inefficient to use large 
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 value to avoid excessive puncturing for RM encoding. However, application of Q’min for 1TB case should be carefully studied taking the use cases and consequences into account, even if Q’min is useful for 1TB case.
Table 1 summarizes our consequence analysis to introduce Q’min depending on the situations. In our view, it should be prioritized to commonalize the behaviour by DCI format 0 for the fallback purpose. In addition, frequent reconfiguration of 
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 is undesirable because it will cause the ambiguity of Q’ between UE and eNB. Therefore, “Option 2 with additional RRC parameter of 
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 considering Q’min” or “Option 4 with a new RRC signalling to activate/deactivate Q’min” would be the most preferable solution if additional RRC signalling is acceptable. If not, Option 1 would be the only possibility although the possibility to enjoy the benefit of Q’min cannot be maximized.
The detailed analyses are described in the subsection.

Table 1 Necessity analysis for the introduction of Q’min
	
	TM 2
	TM 1 Rel-10 scheme
	TM 1 Rel-8 scheme

	
	DCI format 4
	DCI format 0
	DCI format 0
	DCI format 0

	
	2TB
	1TB
	1TB
	1 TB
	1TB

	Necessity of Q’min
	Necessary
	Necessary
	Weak Necessity
	Weak Necessity
	Unnecessary

	Motivation
(†1)
	· excessive puncturing (HARQ-ACK, RI)
· precoder mismatch
	· excessive puncturing(RI)
· precoder mismatch
	· excessive puncturing(RI)
	· excessive puncturing(RI)
	

	Restrictions to introduce Q’min
	
	· application of Q’min should be common because common RRC parameter of 
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 is applied (†2)
	
	

	
	
	
	· application of Q’min should be common for the fallback purpose (†3)
	

	
	
	
	
	· backward compatibility

	Option 1
	Q’min is active
	Q’min is inactive

	Option 2
	Q’min is active
	Q’min is inactive

	Option 3
	Q’min is active
	Q’min is inactive

	Option 4
	Q’min is active
	Q’min is inactive


Table 2 Pros and Cons analysis for each option
	Option 1
	Pros
	· No backward compatibility issue
· No ambiguity of Q’min activation/deactivation

	
	Cons
	· The opportunity to obtain the benefit of Q’min cannot be maximized

	Option 2
	Pros
	· No backward compatibility issue 
· No ambiguity of Q’min activation/deactivation

	
	Cons
	· Mismatch of 
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 between for 1 TB Tx indicated by DCI format 0 and 4 (†2)
· Solution: introduce separate RRC parameter of 
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 for DCI format 0 and 4

	Option 3
	Pros
	· Unified behavior depending on TM

	
	Cons
	· Ambiguity during TM reconfiguration (†3)
· Solution: introduce separate RRC parameter of 
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 for DCI format 0 in common search space. And Q’min is not supported in this case.

	Option 4
	Pros
	· The possibility to obtain the benefit of Q’min can be maximized

	
	Cons
	· Fragmented behavior of UE in TM 1

· No clear parameter is defined to activate Q’min  (†4)
· Solution: introduce new RRC parameter to activate Q’min


2.1. Detail of consequence analysis to introduce Q’min
†1 Necessity of Q’min for 1 TB transmission
The excessive puncturing of RM coded bits will frequently happen for 2TB transmission because higher coding rate for UCI is applied due to increased PUSCH spectral efficiency (i.e. denominator of Q’ formula). However, it should be clarified that Q’min is really effective for 1 TB transmission because the maximum PUSCH spectral efficiency is much smaller and excessive puncturing might happen less frequently than 2TB transmission.

From the formulae on Q’ for 1TB and Q’min, it can be derived that Q’ may reach Q’min when the coding rate is higher than 
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. In other word, no excessive puncturing would happen if 
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 is satisfied. Because 
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for HARQ-ACK and 
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 for RI would be the appropriate values to satisfy the requirement, we can conclude Q’min is reasonable even for 1 TB especially RI transmission. Nevertheless, Q’min will never be mandatory because excessive puncturing can be avoided by the control of 
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, and 
[image: image13.wmf]2

=

PUSCH

offset

b

 is not so detrimental for the system.
Observation:
· Q’min is useful to avoid excessive puncturing even for 1TB transmission, especially RI.
· However, control of 
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 can cover the lack of Q’min.

Another motivation to introduce Q’min is obtaining second order diversity in case of precoder mismatch. If the same precoder as PUSCH is applied for HARQ-ACK/RI, this diversity is not necessary because Q’ is determined from the PUSCH spectral efficiency and precoder mismatch (if exist) is already taken into account. However, in the case of PHICH triggered 1 TB retransmission from 2 TB, the first indexed precoder is used irrespective of the channel state. Therefore, the precoder mismatch might happen even for 1 TB transmission, and it would be appropriate to apply Q’min for this case. 
Observation:
· In the case when the initial PUSCH transmission is indicated by DCI format 4, Q’min is useful even for 1 TB because precoder mismatch might happen.
· For DCI format 0, Q’min is not necessary because the precoder applied for PUSCH and UCI is always the same. 

†2 Q’min for DCI format 0 and 4 in TM 2 (An issue for Option 2)
In the case where Q’min is applied for 1 TB transmission indicated by DCI format 4 but not applied for DCI format 0 in TM 2, it would be appropriate to use larger 
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 value for DCI format 4 and smaller value for DCI format 0. However, it would cause a potential problem because common RRC parameter of 
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 is applied regardless of the DCI format as in Figure 1. Therefore, 
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 value and application of Q’min should be synchronized. The straightforward solution for this problem is preparing separate RRC parameter for DCI format 0 and 4.
Observation:

· If Q’min is activated when PUSCH is indicated by DCI format 4, separate RRC parameter should be defined for 1 TB Tx DCI format 4 and DCI format 0.
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Figure 1 Potential problem to apply Q’min for 1TB indicated by DCI format 4, but not for DCI format 0
†3 Ambiguity during TM reconfiguration (An issue for Option 3)
The motivation to introduce DCI format 0 for TM2 is the fallback use, i.e. UL transmission can be continued using DCI format 0 even in the TM reconfiguration. Therefore, the behaviour by DCI format 0 should be the same irrespective of TM.
On the other hand, if Q’min is activated in TM 2, 
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 should be updated at the same time due to the reasons mentioned earlier. Regarding the application of Q’min, it wouldn’t be so difficult to avoid this ambiguity because eNB can temporarily choose low enough MCS not to reach Q’min. However, there is no robust way for 
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 update other than avoiding simultaneous transmission of PUSCH and HARQ-ACK/RI by the scheduler. It is noted that this problem cannot be solved even if common search space is used because only one 
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 is defined regardless of search space. 
A possible solution is preparing separate RRC parameter for DCI format 0 in common search space and Q’min is always inactive. .
Observation:

· The fragmentation of UE behavior when UE receives DCI format 0 should be avoided. Otherwise, DCI format 0 (especially in common search space) doesn’t work as a fallback scheme during TM reconfiguration.
· If Q’min is activated when TM 2 is configured, DCI format 0 in common search space does not support Q’min and another RRC parameter of 
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 is defined for it.
†4 Necessity Of Q’min for 1 TB transmission (An issue for Option 4)
One issue to employ Option 4 is that which RRC signalling can be used to activate Q’min without any loss. Considering the motivation to use Q’min mentioned earlier (i.e. RI only, no strong necessity for HARQ-ACK for 1TB case), the possible solution would be as following:
· Q’min is activated when:

· Option 4-1: DL TM9 is configured

· Even for one CC case, RI would be 3~5 bits (including W1, this should be discussed more in DL MIMO session)

· Option 4-2: DL CA is configured

· RI more than 2 bit for multiple CCs is supported
· Option 4-3: Introduce new RRC parameter to activate/deactivate Q’min
For the simple specification and UE behaviour, one option should be chosen from these three candidates. Therefore, Option 4-3 would be only one possibility because Option 4-1 and 4-2 don’t cover to each other. Note that the fallback mechanism like Option 3 is not mandatory because the reconfiguration of 
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 will happen only once in the early stage after the connection.
Observation:

· If it is desired to use Q’min for TM 1, it would be appropriate to introduce new RRC parameter to activate/deactivate Q’min
3. Conclusion
In this contribution, we discussed an open issue when/how Q’min should be activated. Base on our analysis in section 2, we propose following:
Proposal:

· If additional RRC signaling is acceptable, Option 2 or 4 should be supported

· Option 2: Q’min is activated when PUSCH transmission is indicated by DCI format 4
· Three RRC parameters for 
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 are introduced :

· applied to 2TB Tx, and determined considering Q’min
· applied to 1TB Tx indicated by DCI format 4, and determined considering Q’min
· applied to 1TB Tx indicated by DCI format 0, and determined considering no Q’min.
· Option 4: Q’min is activated by newly introduced RRC signaling.
· Otherwise, Option 1 (Q’min is activated when 2 TB PUSCH is transmitted) is supported.
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